Incubation of 6-phosphogluconate dehydrogenase from Candida utilis with either acetyl phosphate, 1,3-diphosphoglycerate or carbamoyl phosphate results in the phosphorylation of the protein. The binding of one phosphate residue per enzyme subunit does not affect significantly the kinetic properties, but makes the enzyme less reactive toward thiol reagents, trypsin and pyridoxal 5'-phosphate. We suggest that the group involved in the binding of phosphate is a histidine residue. These results indicate that: (1) 6-phosphogluconate dehydrogenase from C. utilis is phosphorylated non-enzymically by physiological acyl phosphates and (2) the phosphorylation of the enzyme modifies the rate of protein inactivation.
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Protein phosphorylation is a widely occurring process. The best known phosphoproteins can be divided in two groups: the first comprises the enzymes which catalyse the transfer of phosphoryl groups, where the phosphoprotein occurs as catalytic intermediate (Knowles, 1980) ; the second group comprises the proteins which are phosphorylated by protein kinases (Krebs & Beavo, 1979) . This latter group is continuously increasing, and a great deal of work has been performed in this field, since the protein-kinase-dependent phosphorylation of the enzymes appears as one of the major routes of metabolic control. We now report that some physiological acyl phosphates can directly phosphorylate, under mild conditions, the 6-phosphogluconate dehydrogenase from Candida utilis.
Materials and methods
6-Phosphogluconate dehydrogenase [6-phospho-D-gluconate:NADP+ 2-oxidoreductase (decarboxylating), EC 1.1.1.44) was prepared and assayed as described (Rippa & Signorini, 1975 (Tashima & Yoshimura, 1975) .
Phosphorylation by 1,3-bisphosphoglycerate was carried out by adding to 1 ml of enzyme solution (160UM in subunits) in 50mM-triethanolamine buffer, pH 7.5, the following components: phosphoglycerate kinase (5 units), ATP (50mM), 3-phosphoglycerate (10mM) and MgCl2 (10mM). After lh of incubation, the enzyme was isolated by the procedure described above. Experiments lacking 3-phosphoglycerate, or 3-phosphoglycerate kinase, or ATP, were run in parallel as controls.
Separation ofphosphorylated from non-phosphorylated enzyme
The native and the phosphorylated enzymes were separated on a column (0.4cm x 2cm) of PBE 94 equilibrated in 25 mM-triethanolamine (pH 7.5)/ 0.15 M-NaCl, and elution was performed with PB 74 buffer, pH 5, diluted 1:8, and containing 0.15 MNaCl, to give a linear pH gradient from pH 7 to pH 5. A small sample of the phosphorylation mixture (corresponding to 0.3 mg of protein) was chromatographed and the eluate was assayed for enzymic activity.
Properties ofthe phosphorylated enzyme The untreated and phosphorylated enzymes were inactivated, by the described procedure, with periodate (Rippa et al., 1978a) , 5,5'-dithiobis-(2-nitrobenzoate) (Rippa et al., 1978b) , pyridoxal 5'-phosphate (Rippa et al., 1967) , diethylpyroc\arbonate (Rippa et al., 1972) , and trypsin (Rippa et al., 1981) .
Results and discussion
Incubation (Fig. 1) The effect of phosphorylation on 6-phosphogluconate dehydrogenase has been investigated for its kinetic and chemical properties. The phosphorylation has no effect on the Vmax and on the Km for NADP+; the most significant difference between native and phosphorylated enzyme is the increased value (from 100,UM to 200,UM) of the Km for the substrate 6-phosphogluconate. These results make rather unlikely a role of the phosphorylation in the modulation of enzymic activity. Marked differences have instead been observed in the behaviour of native and phosphorylated enzyme toward some inactivating agents. The rates of inactivation by the thiol reagents, periodate and 5,5'-dithiobis-(2-nitrobenzoate), are greatly decreased upon phosphorylation, although the number of titratable thiol groups is unchanged (Fig. 2) . Another Vol. 203
phosphate, shows a lower rate and extent of inactivation with the phosphoenzyme as compared with the native enzyme (Fig. 3a) . Moreover, the inactivation of the enzyme by tryptic digestion is slowed by phosphorylation (Fig. 3b) . These data indicate that phosphorylation increases the stability of the protein, most likely via a conformational change.
Identification ofthe amino acidphosphorylated
At the present we have only indirect evidence for the site of phosphorylation. The phosphoenzyme is stable in neutral and basic solution, but is hydrolysed in acid solutions (Table 2) . These findings indicate a basic amino acid, i.e. histidine, lysine or arginine, as the site of phosphorylation. Histidine residues were titrated with diethylpyrocarbonate in the native and phosphorylated enzyme, as shown in Fig. 4 ; in the phosphorylated enzyme only 10 of the Fig. 4 . Titration of histidine residues with diethylpyrocarbonate Native and acetyl phosphate-treated enzyme were treated with diethylpyrocarbonate as described (Rippa et al., 1972) . 0, native enzyme; *, phosphorylated enzyme. 12 residues present were titratable, with a loss of one histidine residue per subunit. These data indicate that the amino acid phosphorylated could be a histidine residue. However, the isolation and characterization of the amino acid phosphorylated is needed for an unequivocal identification.
Phosphorylation ofother enzymes
Aldolase, glycerol-3-phosphate dehydrogenase and glutamate dehydrogenase were treated with acetyl phosphate and carbamoylphosphate as described for 6-phosphogluconate dehydrogenase. Only traces of phosphate were recovered with the proteins, indicating that, under our experimental conditions, these enzymes were not phosphorylated. Thus the phosphorylation is not a widespread, non-specific reaction of acyl phosphates, but a characteristic of the 6-phosphogluconate dehydrogenase from C. utilis.
Conclusions
We have shown that C. utilis 6-phosphogluconate dehydrogenase is phosphorylated nonenzymically by some acyl phosphates. All cells contain acyl phosphates; it might well be that these compounds also have the role of phosphorylating some proteins and thus modifying their properties. Studies are needed to check which other proteins can be phosphorylated non-enzymically and to investigate a possible physiological role of this phosphorylation.
